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(57) [Abstract] 

[Problem] Offer inorganic fiber where tensile strength is large 
rom room temperature to high temperature. 

[Means of Solution] Ln (As for Ln rare earth metal element 0 
fat least one kind), Contacting roll, it cools molten liquid whicl 
is formed from theA (As for A from Al , Cr , Fe * 4 Ga 
selected from thegroup element of at least one kind which) 
and O, solidification doing in fine line, high heat resistance 
inorganicTiber which is formed from crystalline phaseof at 
least two kinds which is selected from group which is produced 
byheating fiber which is formed from Ln, A, and O which are 
produced with 700 to 1700 °C, consists of crystalline Ln3 A5 
Ol2phase, crystalline L nA 03 phase and crystalline A2 03 
phase. 
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[Claim(s)] 

[Claim 1] Ln (As for Ln rare earth metal element of at least o 
ne kind), Contacting roll, it cools molten liquid which is formed 
from the A (As for A is selected from group which consists of 
theAl , Cr , Fe and Ga element of at least one kind which) an« 
O, solidification doing in fine line, high heat resistance 
inorganic fiber which is formed from crystalline phaseof at 
least two kinds which is selected from group which is produced 
byheating fiber which is formed from Ln, A, and O which are 
produced with 700 to 1700 °C, consists of crystalline Ln3 A5 
Ol2phase, crystalline L nA 03 phase and crystalline A2 03 
phase. 

[Claim 2] High heat resistance inorganic fiber which is stated 
n Claim 1 where A is Al and/or Cr. 

[Claim 3] Each crystalline phase dispersing to uniform in fiber 
it exists, high heat resistance inorganic fiber which is stated in 
Claim 1 or 2 which designates that at same timethe particle 
diameter has been even as feature. 

[Claim 4] Rare earth metal element, high heat resistance inorg 
anic fiber which is stated in Claim 1 to 3 which designatesthat 
it is a element of at least one land which is selected from group 
whichconsists of Er,Yb,Dy,Y,Gd,La,Sm,Ce,Pr,Nd,Eu,Tb,Ho, Ti 
and Lu as feature. 

[Claim 5] Rare earth metal element, high heat resistance inorg 
anic fiber which is stated in Claim 4 which designatesthat it is 
element of at least one kind which is selected from group 
whichconsists of Er,Yb and Dy as feature. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention, is in additio 
n something such as insulation regarding inorganic fiberwhich 
is used for broad application, filter or plastic , metal , ceramic 
and concrete or other reinforcement. 

[0002] 

[Prior Art] With modulus of metal and improvement of high te 
mperature strength and theimprovement etc of toughness of 
ceramic as object, AI2O3 system, the research and development 
in order to apply SiC or other continuous fiber as reinforcement 
is doneactively. As for AI2O3 fiber, fact that etc it is a stability 
relativelyfrom fact that oxidation resistance in high 
temperature is satisfactory andvis-a-vis molten metal, 
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application to above-mentioned application isexpected. But 
strength heat resistance is not high in fully it decreases suchas, 
as ceramic reinforcement as for A1203 fiber, in temperature of 
for example 1200 °C or higher. Therefore, being a oxide 
where oxidation resistance in high temperature is satisfactory 
development of fiber which possesses high heat resistance abo'v 
Al203fiber is expected. 

[0003] In U. S. Patent No. 5,605,870 number, ceramic fiber whi 
ch is produced is disclosed from themolten liquid which possess 
viscosity of 10 poise s or less. This fiber is produced by so- 
called melt extraction method of that itself public knowledge, 
isconstituted from amorphous phase and/or crystal phase But 
according to statement of claim 1 , " crystal grain diameter 
from linear matt surface dl ine increases in radiating wires" wit 
there islimitation, each crystalline phase which is by this 
invention dispersing to uniformin fiber, it exists, inorganic fiber 
where at same time particle diameterhas been even is somethint 
which differs. 

[0004] 

[Problems to be Solved by the Invention] As description above 
considering present state, in order that these inventorshas high 
strength regarding room temperature, and regarding high 
temperature obtains theoxide fiber where oxidation resistance ir 
high temperature is satisfactory, diligent research wasrepeated 
novel inorganic fiber which is inscribed to this invention was ' 
discovered, namely, Ln (As for Ln rare earth metal element ol 
at least one kind), Contacting roll, it cools molten liquid which 
is formed from theA (As for A is selected from group which 
consists of theAl.Gr.Fe and Ga element of at least one kind 
which) and 0, solidification doing in fine line, it is produced 
Ln, inorganic fiber which is formed from crystalline phase of at 
least two kinds which isselected from group which is produced 1 
heating fiber beingformed from A, and 0 with 700 to 1 700 °C 
consists of crystalline Ln3 A5 Ol2 phase, crystalline L nA 03 ' 

high strength regarding room temperature and regarding high 
temperature. 

[0005] As for objective of this invention, tensile strength to hig 
h temperature is large fromthe room temperature, it is in 
addition such as insulation to offer inorganic fiber whichcan b« 
used for ideal in broad application, filter or plastic , metal , 
ceramic and concrete or other reinforcement. 

[0006] 

[Means to Solve the Problems] You explain in detail below, cor 
cernmg this invention, this invention crystalline Ln3 A5 ' 
012 phase (As for Ln rare earth metal element of at least one 
kind, as for A is selectedfrom group which consists of Al , Cr , 
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Fe and Ga element ofthe at least one kind which), is formed 
from crystalline phase of at least two kinds whichis selected 
from group which consists of crystalline L nA 03 phase and 
crystalline A2 03 phase regards inorganic fiber which from 
room temperature possesses high strengthwith temperature 
range of 1200 °C. 
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[0007] It is something which is produced by heating fiber whict 
is formedfrom Ln, A, and 0 where this inorganic fiber,the Ln 
(As for Ln rare earth metal element of at least one kind), 
contacting roll, cools molten liquid which is formedfrom A (As 
for A is selected from group which consists of theAl , Cr , Fe 
and Ga element of at least one kind which) and O, 
solidification does in fine line andis produced with 700 to 17Q( 
°C. Here, n crystalline " with, atom construction of phase 
which can verify crystal lattice imageby transmission electron 
microscope observation is meant. 

[0008] 

[Embodiment of Invention] Be able to list rare earth metal elem 
ent of at least one kind which is selected from thegroup which 
consists of Er,Yb,Dy,Y,Gd,La,Sm,Ce,Pr,Nd,Eu,Tb,Ho, Tm anc 
Lu as Ln in thethis invention, because especially, as for Er,Yb, 
Dy strength of inorganic fiberwhich is acquired becomes high, i 
is desirable. 

[0009] As A, be able to list element of at least one kind which ij 
selectedfrom group which consists of Al , Cr , Fe and Ga, 
whenespecially, A is Al and/or Cr, because high temperature 
strength of inorganic fiberwhich is acquired becomes* high it is 
desirable. 

[0010] As for ratio of A in inorganic fiber of this invention, it i 
s desirablewith A2 03 conversion to be range of 10 to 90 
mole%. inorganic fiber of this invention is constituted is 
something which consists ofonly crystalline phase substantially 
with crystal phase (If A differs even in for example A2 03 , it 
differs crystal phase ) of at least two kinds which ischosen from 
group of crystal phase which is displayed with Ln3 A5 Ol2,L 
nA 03 , A2 03 ,but amorphous phase can exist in crystal grain 
boundary . In addition, shape of inorganic fiber of this 
invention is not limitedespecially. It is desirable to possess cros 
section which is close to round orthe round. As continuous 
fiber also as short fiber you can use inorganic fiber of this 
invention, dimension of cross-section of inorganic fiber is not 
more one approximation evenin cross section shape. Those 
which possess diameter of 3 to 50 m are good, those 
whichpossess diameter of 5 to 30 m are more desirable. 
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[001 1] Room temperature of inorganic fiber of this invention, 
preferably furthermore as for thetensile strength in 1200 °C, 
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it is desirable to be a 1.5 GPa or greater and a preferably 2.0 
GPa or greater, inorganic fiber of this invention has high 
strength, with temperature range to 1200 °Cas for strength 
especially it is useful from room temperature from factthat for 
most part temperature dependence is not shown, as 
reinforcement fiber of the for example ceramic and insulation 
etc of high temperature furnace. 

[0012] Inorganic fiber of this invention, contacting roll, cools 
molten liquid which isformed from Ln, A and 0, clotting does 
in the fine line and is produced by heating fiber which is formec 
from theLn, A, and O which are produced with the700 to 1 700 
°C. fiber (Below , intermediate filament you inscribe ) 
before heating with 700 to 1700 °C is produced by 
methodwhich is stated in Japan Patent Application Hei 9 - 
353270 number. You explain in detail below .concerning 
method. 

[0013] As starting material before melting, generally it can use 
oxide of theLn and oxide of A, but when melting, if it 
issomething which becomes oxide, to be good, making use of 
hydroxide and carbonate etc it is good. As form of starting 
material, it is good with whichever of powder , the molded 
article , sinter and coagulant, in addition, these two or more 
unite and aregood being something which is brought together. 

[0014] If dissolving method of aforementioned starting materia 
1 is method whoseit is possible to heat portion which at least 
contacts roll ofthe said starting material to temperature of 
melting point or higher, it is good any method, it can usethe 
for example arc , laser , electron beam , light, infrared light 
and high frequency etc asthe heat source. When high 
frequency is used, said starting material because for most part i 
doesnot possess electrical conductivity in room temperature 
vicinity, electrical conductivity it is necessary toaccommodate 
said starting material in crucible which possesses high melting 
point from themelting point of possessing and said starting 
material. It can use for ideal for example Mo,W,Ta,Ir,Nb or 
other crucible. In addition, when starting material is powder, a 
description above thecrucible of material and it is necessary to 
use support table, but in thiscase it can also use crucible and 
support table etc of Cu makewhich administers cooling in 
addition to above-mentioned crucible, with water etc. When 
starting material is powder, these crucible and support table etc 
can be usedfor ideal at in addition to. 

[001 5] Melting starting material is good being done, in atmosp 
here, in inert gas, inthe reductive gas, in hydrocarbon gas and 
in vacuum middle class whatever atmosphere,but when crucibl* 
etc which oxidation is easy to be done is used inthe temperature 
of melting point or lower of starting material, it is desirable to 
melt at in orvacuum middle class argon gas and helium gas or 
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other inert gas atmosphere. In addition, when starting material 
is melted with arc , arc occurshas necessity for sufficient argoi 
gas etc to be included in atmosphere. 

[0016] There is not especially restriction in material of roll T 
hing.and high melting point metal etc where thermal 
conductivity is large are desirable inthe lifetime of roll and poin 
of stability of quality of thefiber which is acquired. Concretely, 
Cu, Cu alloy and Mo,Ta,W,Ir etc can be used forideal. 
Contact with roll and molten liquid end of roll turnscontacts 
for example molten liquid, or it is good or other any 
embodiment which molten liquidfalls on roll. However, as end 
molten liquid those whose it is possible with thesmall surface 
area to contact, are convenient in order to designatethe cross 
section shape of fiber which is acquired as uniform as shape 
ofthe roll, shown in for example Figure 1, roll which possesses 
protrusion ofthe V-shape in end can be used for ideal. 

[0017] This kind of roll case where it contacts molten liquid as : 
or theperimeter velocity of roll it is desirable to be below 10 
m/sec . When perimeter velocity is faster than 10 m/sec , is 
because there are timeswhen it becomes difficult for cross- 
sectional area to obtain fixed fiber. 

[0018] Those which possess kind of mechanism which is shown 
in for example Figure 2 asthe equipment which produces 
intermediate filament of this invention, can be used. It was 
melted by arc (3) which occurs between Cu make crucible 
(2)which is administered W electrode (1) and water cooling Ln, 
Contacting roll (5) which turns to direction of arrow molten 
liquid (4)being formed from A and O by moving Cu 
makecrucible to transverse direction, it is something which 
obtains intermediate filament (6) which fromthe above- 
mentioned element consists of thing which solidification isdom 
in fine line. 

[0019] Conversion to inorganic fiber of this invention is done f 
rom intermediate filament by heatingthe intermediate filament 
with 700 to 1700 °C. inorganic fiber which is made objective 
temperature of thermal processing, by selecting time and 
heating and cooling rate etc appropriately can be acquired. If 
heating method of intermediate filament is method whose it is 
possible to heatthe said fiber to 700 to 1 700 °C, it is good any 
method, it can use SiC,MoSi2 or other heat emitter ,the high 
frequency , laser , electron beam , light and infrared light etc 
which theheat emission are done as heat source, with for 
example electrification. 

[0020] Generally, accommodating intermediate filament in Al2 
03 ,SiC or other ceramic and crucible etc ofthe Mo,Ta,W,Ir,Nt 
or other high melting point metallic, every crucible it heats, or, 
every windup and drum theor other method which heats can 
use intermediate filament for drum which consists ofthe similar 
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material. In specified temperature continuing fiber inside 
furnace of tube furnace whichthe temperature rise is done is 
possible also fact that it applies method etc which it passes to in 
addition to. In addition, in order to obtain fiber which possessei 
a higherstrength, in order for crystal to grow in fiber direction, 
it ispossible also to do one direction kind of heating where 
intermediate filament from theone side of fiber gradually 
receives heating to fiber direction. It is possible also to apply 
method which moves fiber orsuffering heated part to fiber 
direction as for heat treatment in this case,continuing fiber 
inside furnace of tube furnace, an above-mentionedway it is 
possible but, making use of laser , electron beam , light andthe 
infrared light etc with method which it passes. 

[002 1 ] Heat treatment of intermediate filament is good being d 
one, in atmosphere, in inert gas,in reductive gas, in 
hydrocarbon gas and in vacuum middle class 
whateveratmosphere, but there are times when restriction is 
received with crucible and drum or other material which are 
used. 

[0022] 

[Working Example(s)] Below, showing Working Example and 
Comparative Example, furthermore you explain 
concretelyconcerning this invention. 

Working Example 1 

- A1203 powder and Er2 03 powder were used to starting ma 
terial . - A1203 powder and Er2 03 powder former 8 1 . 1 and 
the latter were mixedwith mole ratio with wet ball mill which 
uses ethanol at ratio of thel 8.9, ethanol was removed making 
use of rotary evaporator fromthe slurry which is acquired, 
mixed powder which is acquired making use of die of thestainle 
steel it formed in cylinder of diameter 1 0 mm and height 1 0 
mm with thesingle screw press , next it melted this cylinder 
molded article with arc and acquired coagulantof button. It 
accommodated in Cu make crucible (2) which administers wate: 
coolingwhich shows this button coagulant in Figure 2 after tha 
itdesignated inside of system where mechanism of Figure 2 is 
accommodated asthe argon gas atmosphere of - 0.04 MPa , 
generated arc between W electrode and theCu make crucible. I 
melted button coagulant with arc, while this dissolved state is 
maintained,moving Cu make crucible, contacting Cu make roll 
of thediameter 70 mm which possesses V-shape protuberance ol 
30 0 in end which turns with perimeter velocity of 2 m/sec , it 
acquired continuous fiber of average diameter 15 m. Next, 
this intermediate filament was accommodated in crucible of 
AI2O3 make, theheat treatment was done in air making use of 
electric furnace of box shape wherethe heat emitter of MoSi2 
make is mounted, temperature rise it did with rate of 1000 
°C/hr, 2 hr after keeping,the cooling it did with 1400 °C, 
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acquired continuous fiber of average diameter 14 m, fiber 
which is acquired, it was a crystalline which is formedfrom Er3 
Al 5 O12 phase of 100 to 150 nm of plural and AI2O3 phase 
of thelOO to 150 nm of plural by X-ray diffraction and 
scanning electron microscope observation which usethe CuK - 
line, each crystal phase dispersed to uniform in fiber and 
itunderstood that it exists. In addition, tensile test of this fiber, 
in case of room temperature when withthe condition of load 
rate 2 mm/min and span 25 mm, it is in air of 1000 °C and 
1200 °C, it did with condition of load rate 2 mm/min and 
span 100 mm. mean value of tensile strength with room 
temperature , 1000 °C and 1200 °C which were measured is 
shown in Table 1. 
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In starting material proportion with mole ratio former other th 
an designatingthe 83.7 and the latter as 16.3, continuous fiber 
was acquired with themethod which is similar to Working 
Example 1 making use of - A1203 powder and theYb2 03 
powder, fiber which is acquired was crystalline which is 
formedfrom Yb3 Al 5 Ol2 phase of 100 to 150 nm of 
multiple and A1203 phase of thelOO to 150 nm of multiple by 
analysis which is similar to Working Example 1, eachcrystal 
phase dispersed to uniform in fiber and it understood that 
itexists. In addition, result of doing tensile test of this fiber in 
sameway as Working Example 1 is shown in Table 1 . 
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[0024] Working Example 3 

In starting material proportion with mole ratio former other th 
an designatingthe 78.9 and the latter as 21.1, continuous fiber 
was acquired with themethod which is similar to Working 
Example 1 making use of - A1203 powder and theDy2 03 
powder, fiber which is acquired was crystalline which is 
formedfrom Dy3 Al 5 Ol2 phase of 100 to 150 nm of 
multiple and A1203 phase of thelOO to 150 nm of multiple by 
analysis which is similar to Working Example 1, eachcrystal 
phase dispersed to uniform in fiber and it understood that 
itexists. In addition, result of doing tensile test of this fiber in 
sameway as Working Example 1 is shown in Table 1 . 
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[0025] Working Example 4 

In starting material proportion with mole ratio former other th 
an designatingthe 82 and the latter as 18, continuous fiber was 
acquired with themethod which is similar to Working Example 
making use of - A1203 powder and theY2 03 powder, 
fiber which is acquired was crystalline which is formedfrom Y3 
Al 5 Oi2 phase of 150 to 200 nm of multiple and A1203 
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phase of the 1 50 to 200 nm of multiple by analysis which is 
similar to Working Example 1, eachcrystal phase dispersed to 
uniform in fiber and it understood that itexists. In addition, 
result of doing tensile test of this fiber in sameway as Working 
Example 1 is shown in Table 1 . 

[0026] Working Example 5 

In starting material proportion former 78 and the latter werede 
signated as 22 with mole ratio making use of - AI2O3 powder 
and theGd2 03 powder, other than designating heat treatment 
temperature of intermediate filament as 1300 °C, 
thecontinuous fiber was acquired with method which is similar 1 
Working Example 1 . fiber which is acquired was crystalline 
which is formedfrom Gd Al 03 phase of 1 20 to 160 nm of 
multiple and AI2O3 phase of the 120 to 160 nm of multiple by 
analysis which is similar to Working Example 1, eachcrystal 
phase dispersed to uniform in fiber and it understood that 
itexists. In addition, result of doing tensile test of this fiber in 
sameway as Working Example 1 is shown in Table 1 . 

[0027] Working Example 6 

In starting material proportion with mole ratio former other th 
an designatingthe 69 and the latter as 3 1 , continuous fiber was 
acquired with themethod which is similar to Working Example . 
making use of - A1203 powder and theSm2 03 powder, 
fiber which is acquired was crystalline which is formedfrom Sm 
103 phase of 120 to 160 nm of multiple and AI2O3 phase of 
the 120 to 160 nm of multiple by analysis which is similar to 
Working Example 1, eachcrystal phase dispersed to uniform in 
fiber and it understood that itexists. In addition, result of doing 
tensile test of this fiber in sameway as Working Example 1 is 
shown in Table 1. 

[0028] Working Example 7 

In starting material proportion former 77.5 and the latter were 
designated as 22.5 with mole ratio making use of - A1203 
powder and theLa2 03 powder, in addition other than 
designating perimeter velocity of roll asthe 1 m/sec , 
continuous fiber was acquired with method which is similar tot! 
Working Example 5. fiber which is acquired was crystalline 
which is formedfrom La Al 03 phase of 120 to 160 nm of 
plural and AI2O3 phase of the 120 to 160 nm of plural by 
analysis which is similar to Working Example 1, eachcrystal 
phase dispersed to uniform in fiber and it understood that 
itexists. In addition, result of doing tensile test of this fiber in 
sameway as Working Example 1 is shown in Table 1. 
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In starting material proportion with mole ratio former other th 
an designatingthe 78 and the latter as 22, continuous fiber was 
acquired with themethod which is similar to Working Example 
making use of Cr203 powder and theEr2 03 powder, fiber 
which is acquired was crystalline which is formedfrom Er Cr O: 
phase of 1 50 to 200 nm of multiple and Cr203 phase of 
the 150 to 200 nm of multiple by analysis which is similar to 
Working Example 1, eachcrystal phase dispersed to uniform in 
fiber and it understood that itexists. In addition, result of doing 
tensile test of this fiber in sameway as Working Example 1 is 
shown in Table 1 . 

[0030] Working Example 9 

In starting material proportion with mole ratio former other th 
an designatingthe 80 and the latter as 20, continuous fiber was 
acquired with themethod which is similar to Working Example 
making use of Cr203 powder and theGd2 03 powder, fiber 
which is acquired was crystalline which is formedfrom Gd Cr O 
phase of 1 50 to 200 nm of multiple and Cr203 phase of 
the 150 to 200 nm of multiple by analysis which is similar to 
Working Example 1, eachcrystal phase dispersed to uniform in 
fiber and it understood that itexists. In addition, result of doing 
tensile test of this fiber in sameway as Working Example 1 is 
shown in Table 1 . 

[003 1 ] Working Example 1 0 

In starting material proportion with mole ratio former other th 
an designatingthe 69.2 and the latter as 30.8, continuous fiber 
was acquired with themethod which is similar to Working 
Example 1 making use of Ga 2 03 powder and theGd2 03 
powder, fiber which is acquired was crystalline which is 
formedfrom Gd3 Ga 5 012 phase of 1 50 to 200 nm of 
multiple and Ga 2 03 phase of the 150 to 200 nm of multiple 
by analysis which is similar to Working Example 1, eachcrystal 
phase dispersed to uniform in fiber and it understood that 
itexists. In addition, result of doing tensile test of this fiber in 
sameway as Working Example 1 is shown in Table 1 . 

[0032] Comparative Example 1 

In starting material proportion former 62 and the latter werede 
signated as 38 with mole ratio making use of - A1203 powder 
and theZK)2 powder, in addition other than designating 
perimeter velocity of roll asthe 0.5 m/sec , continuous fiber wa: 
acquired with method which is similar tothe Working Example 
fiber which is acquired was formed from Zr02.phase ofthe 100 
to 1500 nm of plural and AI2O3 phase of 100 to 1000 nm of 
plural bythe analysis which is similar to Working Example 1 , i 
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understoodthat relatively coarse, large crystal phase from 
contacting portion of roll grows in theradiating wires. In other 
words, as for weave of this fiber it understood that itis a 
nonuniform. In addition, result of doing tensile test of this fiber 
in sameway as Working Example 1 is shown in Table 1 . 

[0033] 
[Table 1] 
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[0034] 

[Effects of the Invention] According to this invention, it is a o 
xide where oxidation resistance in high temperature 
issatisfactory, tensile strength to high temperature is large from 
room temperature, inaddition inorganic fiber which such as 
insulation can be used for ideal in thebroad application, filter 
or plastic, metal, ceramic and concrete or other 
reinforcement is offered. 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] Figure 1 is drawing which shows one example of geo 
etry of rollwhich is used for production of intermediate filament 
of inorganic fiber of the this invention. 

[Figure 2] Figure 2 is drawing which shows one example of me< 
anism of equipmentwhich is used for production of intermediate 
filament of inorganic fiber of the this invention. 
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[Explanation of Reference Signs in Drawings] 

1...W electrode 

2... Cu make crucible 

3... arc 

4... molten liquid 
5... roll 

6... intermediate filament 
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[Figure 1] 
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[Figure 2] 
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